Background: Despite high-levels of vaccination, whooping cough, primarily caused by Bordetella 2 pertussis (BP), has persisted and resurged. It remains a major cause of infant death worldwide and 3 is the most prevalent vaccine-preventable disease in developed countries. To date, most genomic 4 studies have focused on a small subset of the BP genome, biasing our clinical understanding and 5 public health awareness. 6 7 Methods: We performed a Genome-Wide Association Study (GWAS) on 76 U.S. BP whole 8 genomes, including strains from recent outbreaks. 9 10
Introduction
The ongoing whooping cough epidemic -caused primarily by Bordetella pertussis -is rapidly be-than the 1943 SNPs/genome median of all other periods, including those from the California 2010 (1942 SNPs/genome) and Washington 2011 Washington & 2012 Washington (1947 SNPs/genome) isolates ( Figure 2 ). It is 93 unlikely the increased SNPs/genome in the Minnesota strains can be attributed to imbalances in 94 genome coverage that favor finding more SNPs in the Minnesota genomes as the depth of coverage 95 is 49x for the Minnesota genomes, 90x for the California and Washington genomes and 60x for the 96 historical genomes. Likewise, the breadth of coverage is 90% for the Minnesota genomes, 88% for 97 the California and Washington genomes and 88% for the historical genomes.
98
Phylogenetic analysis of B. pertussis strains 99 Greater than 99% of each genome was included in the whole genome alignment that was used to 100 generate the phylogenetic tree in Figure 3 . The genomes cluster roughly in chronological order 101 with a few exceptions. Twenty four of the 28 California and Washington strains cluster together.
102
Three of the four California strains are in a clade that contains the 18323 reference genome that 103 was isolated in 1946. One of the three California strains that clusters with 18323 differs by only 104 seven SNPs, the other two each by 22 SNPs. This cluster of three California strains with 18323 is 105 evidence that a subpopulation of B. pertussis very similar to strains present 70 years ago are still 106 in circulation and causing disease.
107
The 12 strains isolated in the Minnesota outbreak form a distinct clade with two distinct 108 subclusters. One subcluster contains nine genomes that lack a pertactin (prn1) signal sequence 109 and the other cluster contains three genomes in which pertactin (prn2) Table 1 .
123
The Washington outbreak GWAS did not identify any significantly associated SNPs. However, 124 due to their similar number of SNPs/genome and phylogenetic similarity, we combined the Califor-125 nia and Washington outbreak strains into a single phenotype while using the remaining genomes 126 as controls in a GWAS. From 6079 SNPs we identified 19 SNPs in coding regions that were signifi-127 cantly associated (−log 10 P value ≥ 5) with the combined California/Washington outbreak strains. 
